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STOCHASTIC STATE VARIABLE DYNAMIC PROGBAMHINQ ri» 
RESERVOIR SYSTEM ANALYSIS 
Uvld R. Kiidmeot (Department or Civil Englnwrlnu 
Ulinn tty of Tsxai , Austin, Toxd* 7B712J And Van 
Te Chow. 

The concept of state is utad in state space 
n*riBU1ng, dynsmlc progrenrilnd, and Martov tb»1n 
analysis Is used lo llnl these methods togather. 

The random nature of Inflows to the system Is 
treated by Incorporating a stochastic Inflow na- 
del directly within the dynamic programing pro- 
cedure. Transition probabilities found frfl» U» 
resulting stochastic dynamic programming are on- 
ployed to determine the steady stata probability 
distribution of the state and decision variables. 

As an asomple, the methodology ii applied to de- 
termine operating policies Tor the proposed 
Uitashaoimi Dan in Nevada, U.S.A. Policies devel- 
oped considering monthly flows as Independently 
distributed, or as serially correlated, are 
lar over the normal range of flows but differ for 
verv high and low Inflows. Chance constraints 
applied at each stage of the dynamic programal"8 
are shown to limit the steady state probability 
of the storage being outside Its desirable range, 
but reduce tne average annual benefits of opera- 
tion by up to I5i. £c*r pu ter time requirements 
conpare favorably wl th those of an equivalent 
deterministic analysis of the same system. (Dy- 
namic programing, Harkov chains, stata space 
nodal, reservoirs), 
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A Mapping, Charting, 
and Geodetic Tour 
Through China 


Owen W. Williams, Armando Mancini, 
and Lawrence F. Ayers 


Defense Mapping Agency 
Washington, D.C. 


Introduction 


For two weeks last December, we had the opportunity 
and privilege to visit the mapping, charting, and geodetic 
(MC&G) taclilties In the People’s Republic ol Chlha (PRC) 
as guests of the National Bureau of Surveying and Map- 
ping (NBSM). There are two principal departments In the 
PRC that deal wllh the field of mapping: namely, the Na- 
tional Bureau of Surveying and Mapping, a civilian organi- 
zation; and the Military Bureau of Surveying and Mapping 
(M8SM), which Is the military MC&G counterpart. Both or- 
ganizations have worked the national mapping program In 
China during the last 20 to 30 years. 

Our tour was spent mostly with the NBSM and Included 
visits wllh its provincial bureau in Guangzhou (Canton), the 
Wuhan College, the Research Institute in Beijing (Peking), 
and the Publishing House in Beijing. It also Included a 
mealing with the NBSM headquarters' staff, also In Beijing; 
near the end of the tour we spent a full day with the Military 
Bureau. 


The National Bureau off Surveying and 
Mapping 


The main authority for MC&G in China rests with the 
NBSM. It employs some 24,000 workers and has bureaus 
in 29 provinces. Other groups in China such as the coal, 
agricultural, and forestry ministries also produce some spe- 
cial maps, but the NBSM establishes the specifications tor 
mapping and provides the basic geodetic control and the 
topographic base. A division of the Civil Aeronautical Agen- 
cy in China files the photography for all mapping organiza- 
tions. 

In discussion with LI Tingzan, deputy director of NBSM, 
w learned that they, in partnership with the MBSM. had 
completed their national geodetic and astronomic networks, 
fashed the 1:50,000 and 1:100,000 map coverage of Chi- 
na, and were now working on map revision for those scales 
as well as'new 1:10,000 and 1:2,000 mapping. LI also stat- 
ed that they had completed 9000 km of first-class leveling 
and that their second-order network was being reobserved 
because some markers had been destroyed during the Cul- 
tural Revolution. He estimated that the reobservation and 
reduction work would take about 10 years. 

Relative to their national gravity program, the bureau ln- 
ftated that the final 1 ° x 1 0 gravity anomalies would be 
finished by 1983. The gravity network la not yet tied lo an 
Wernallonal base, but they plan to achieve that tie by next 
ywr- No mention was made of the density of their gravity 
wtwoik. 

In a subsequent session with the MBSM we were in- 
formed that 1 :25,000 map coverage Is also complete. Ob- 
jjnlngtull coverage at 1:25,000, 1:50,000, and 1:100.000 
throughout the country In three decades Is truly an out- 
f^Hding achievement. LI stated that when the two bureaus 
the program, Chinese mapping was essentially non- 
wsient or completely Inadequate. 


Wuhan College 


College Is a component of the NBSM. Situated In 
Province, the Wuhan College of Geodesy, Photo- 


. i u vinca, me wunan college or ceoaesy, rnoiu- 
Wmmetry, and Cartography Is one of the key Institutions 
Earning In the PRC. It was established In 1956 by 
“^rporating and reorganizing resources In surveying and 
"*PPlng that were scattered among five universities and 
frrS'n China. It operated as a single source In China 
education until 1970 when the 'Gang-of-Four' 
Tj'ms forced the college to suspend operations. It re- 
Mnii D wl *h fl new enrollment of students and has 

lulUBd ODeratlnns clnro lhaf flmo 


touBd operations since that time. 

,/S college now consists of six departments: surveying, 
Qeodesy, cartography, optical surveying 
^mentation, and electmnin aurvBvIna Instrumentation. 


^ JJhtetion, and electronic surveying instrumentation, 
ssifimni , 1he Qeodetlc curriculum are special courses In 
iteuwi ca ' meaau rements and specialties. The length of 
Wamb c 9 . raduat9 P ro Q rar n te 4 years. The graduate pro- 
sea J? f!° 6 Y 8ars or m °ra. Each department has a re* 

cn and development group, and R&D activities are 
T 9 0 n 0 b ytee dean of research, 
maieiu 55™ n 0 st ®ff at this college consists of approxl- 
w JL , Psople. Among these are about 50 professors 
nta^Pftete professors. 275 lecturers, and a group of ad- 
In toe® 1 ?? and support personnel. Since Its establishment 
Pfei^ 9C0, tege has graduated about 7000 students. 
w7* ,he student body consists of 2000 men and 
fovy foy/ 0 !! nurT10 rou8 provinces and municipalities, plus a 

" U| n other countries. 

0 , fi k J n ?“p 8ct of the college Is Its large number of 
*all eauinn 5 nd workshops. There are over 25 labs, all 
by, JL™* an d spacious: Apart from the normal chemfe- 
^ exc«ur ?’ and c °roputer laboratories, the college also 
18% rarJ!!!) 1 ex Pertmental facilities in Instrumentation for • 
^anrtifv , ra ' Infrared dtetancers, and optical theodft 
andast ® Vels - In addition, there Is a photogrammetric lab 
° noni y and gravhv laboratories. They fabricate : 


^ 1 7*1 




With faculiy at Wuhan College, Williams (left), Ayers, and Mancini flank their host, Wang Zhizhuo, vice president of the college. Li 
Quinghai, vice chairman of the academic commission of the college, la fourth from left. 



A busy area at Wuhan College contains their Chinese-made comput- 
er. Shown are the paper tape and keyboard Inputs with a teletype 
readout system. 


most of their optical elements and machine most parts for 
their Instruments. The machine shops are wall equipped, 
and their large sizes suggest production output greater 
than expected for college programs. In fact, we learned lat- 
er that the college undertakes minor, but special. Industrial 
work also. 

Visiting the various departments of the college, we noted 
that the school was well equipped with Chinese-built one- 
and two-drum presses, copy camera, photo labs, and a 
unique map photocopy system. The latter made an excel- 
lent one-to-one copy of a map to an accuracy ot 0.2 mm in 
Just 3 minutes. We were shown a series ol hand-driven 
precision X-Y plotters— some made by Wild. Zeiss, and 
Jena and some Chinese made. We were briefed on their 
first effort to build an automatic cartography capability, 
which Included an X-Y plotter and a computer. It was slow, 


but adequate to teach programming and basic principles to 
students. 

Next we found a unique Chinese character name place- 
ment system, which operated very much like a microfiche 
reader. It included an exposure camera to photograph the 
characters when Ihey came Into the operator's view. Con- 
ventional tochniquos are used to loach students compila- 
tion scribing. 

The area of photogmmmetry was by far Dio most ad- 
vanced, reflecting tho Impact of our host, Wong Zhizhuo, a 
phologrammetrist and vice president ol (he college. Tlioro 
were over 100 Instruments ot varying sizes, accuracies, 
and capabilities; many of them were made in China— some 
by the college, in Its own optical and milling facilities. Tho 
equipment we saw Included a TA-3D thiee-stage compara- 
tor, an X-2 slereocom para lor, a Melergraph sloreocompar- 
alor, Chinese monocompnralors. a stereotope, a Zeiss C-8 
stereoplanigreph, Chineso stereoplolters of many sizes 
and shapes, and Chinese rectifiers 

The college had a very completo sot of surveying Instru- 
ments. Irom tho high precision T-4 down lo construction- 
type survey instruments, levels, laser distance-measuring 
equipment, Doppler receivers, and gravity meters. Wo also 
teamed that they had demonstrated a 10-20-n.Gnl capabili- 
ty with their falling-body absolute gravity apparatus in Paris. 
France. We were shown the site ol a planned new satellite 
geodetic facility. 

The school utilizes a Chinese-made computer, the T-260. 
with 32K memory and a paper tape and keypunch as In- 
puts and a teletype readout system. Although not the tales! 
vintage, the computer was used extensively by both the 
faculty and the students. 

Another unique property of this college is its MC&G li- 
brary. Here we found all the current literature on European, 
American, and Japanese science and technology. The li- 
brary has a floor space of over 6000 m 2 and houses about 
350.000 books and 660 types ot periodicals and journals. 
Chinese and foreign. 


It had to be done... 


bringing together the most relevant papers in tectonics and creating a new high quality 
journal— TECTONICS. Exclusively devoted to the earth sciences, this new journal concentrates the superior 
papers In analytical, synthetic, and integrative tectonics under one cover. With the expanse of Important papers 
spread throughout a bewildering multitude of Journals. TECTONICS answers the need for easier access and 
retrieval of vital information. 


TECTONICS will: 

• Publish the leading papers In the structure and evolution 
of the terrestrial lithosphere, Integrative tectonics, structural 
geology, and materials sdence 

• Olve authors rapid turnaround for Umely publication 

• Maintain the highest refereeing standards to select the most 
significant papers 


TECTONICS is* A Low-Cost High- Impact Journal 
devoted to the besl In analytical, synthetic, and Integrative 
tectonics. 


TECTONICS Is for: Scientists and students In 
regional geology, structure, tectonics, hard-rock geology, end 
engineering aspects of geophysics, hydrology, and related 
sciences. 


TECTONICS 


John F. Dewey, Editor-In-Chief 


■ x 

‘TECTONICS with its multidisciplinary emphasis will be by far the widest read Journal in the earth sciences 
serving the general Interest of everyone from geophysicists and structural geologists to paleontologists,^ 


Subscribe Now! You Won* t Want to Miss a Single Issue of TECTONICS! 
Members, simply add to yt>ur dues notice. All others contact AGCI for rates and order form. 


— — “ <._ n n Published bimonthly 

Members Only ^ fcsue 

Studente , February 1982 


Contact:: 


American Geophysical Union 

2000 Florida Aw., M W. Washington. DC 20009! 


( 202 ) 462-6903 800 - 424-2488 

In the Washington oiea ouWde ths Washington area 
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Amonfl scores of instruments ir» Wuhan College's Phoionrammolry 
Department, Williams and Mnncini found this Ihroo-stago compara- 
tor Many ol tho instruments wore made In Chinn, some by the 
colrogo In its own optical and milling facilities. 

During tho discussions, Lf Quinghai, professor of geode- 
sy and vice-chairman of Iho academic commission of fhe 
college, reported that China begun to pay attention lo de- 
velopments In satellite goadosy in 1974, recognizing the 
important benefits it offered to the military and to Ihe nn- 
lional geodetic networks. They slnco agreed that China 
should become active in the international satellite programs 
and shourd tako steps to develop their people as well as 
Ihe technology to lake part In work! programs. 

Chinesn had studied ovory paper in 
MG&G available in the opon lileraturo. As part of tholr geo- 
dotfc satellite program, they have purchased Magna vox 
and Marconi Dopplor receivers and, in 1980. hod observed 
3/ Doppler stations ns an initial network across Chinn 
Tiioy currently havo tho GEODOP short-arc Doppler roduc- 








Wilhelms {loft} and Mandril visit an instrumentation laboratory con- 
taining surveying angle and distance-measuring equipment. 
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lion programs but are having some difficulty understanding 
parts ol it because of inadequate documentation. That story 
sounded very familiar and all too common lo us. 

There is little doubt to us that Ihe college is a fine institu- 
tion. Tho faculty consists of the best-qualified scientists and 
engineers in the country, many with advanced degrees 
from Western universities, it is the only civilian MC&G col- 
lege In ifto PRC. The vice rector, Wang Zhizhou, Is a pho- 
togrnmmotrist, educated in England, and Li, mentioned ear- 
lier. is a geodosist, taught in the U.S. Their curriculum for 
trio various programs appeared to us to be quite compre- 
hensive, lacking somewhat only In the satellite geodesy 
area and perhaps In digital photogrammetry and digital 
mapping. Their facilities were better than found In most of 
our universities, except that some of the shop and labora- 
tory equipment was not current vintage. 

Research Institute 

The Research Institute In Beijing, also an element of the 
NBSM, consists of 300 scientists and technicians organized 
into the disciplines of geodesy, cartography, phologramme- 
try, information sciences, and computer technology. 

A tour of ihe facility showed us a newly installed Kodak 
microfiche system consisting ol an MRG-1 Recordak, a 
versamal processor, an enlarging camera, and a microfiche 
storage and retrieval system. We noted that DMA and the 
development laboratories had not yet found a suitable sys- 
tem for microfilming maps to retain the detail and accura- 
cies we required. 

We were also briefed on an automated cartography pro- 
gram that the institute had just started. It included a stereo- 
plotter with digital plckolfs and an X-Y flatbed plotter for 
outputting contours on a scribe coal. The system, an adap- 
tion of electronic servos to existing plotters, was slow and 
used punched paper tope lo drive the plotters. The tape in- 
put was nol very efficient, but the scribing results looked 
extra good. 

Their computer facility included a DJS-6 192K memory 
floating point system which used punched tape as Input 
and a drum plotter as output. Made in China, the system 
used Fortran and ALGOL language. It is used for scientific 
computations and digital cartographic processing. 

The geodetic portion of the tour Included a walk-through 
briefing of their Marconi Doppler receiver laboratory, a new 
Hewlett-Packard minfprocessor, and a clock fabricated by 
inem for use In a satellite optical tracking system. The Re- 
search Institute also makes its own high-quality film coat- 
ings lor phologrammetric and cartographic processing. 
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staff of 500 people, of which 18 are professionals. Esiab. 
lished In 1950, the Publishing House was organized akwio 
product lines, Including world maps. China maps school 
maps, tourists maps, and a printing plant. 

They publish over 100 maps and atlases a year-40 mil- 
lion sheets— and use 3000 tons of paper. Maps are distrib- 
uted through the International Book Stores and school sys- 
tems of China. We were very impressed with the quality of 
their workmanship, particularly the work of two artists who 
produced the shaded relief maps. 


The Military Bureau of Surveying and 
Mapping 

We spent one day with the Military Bureau. Zhu Yiyu, Ida 
director, said the Military Bureau was formed in 
1 950 and was chartered with the responsibility of surveying 
and mapping China. He informed us that the mapping pro- 
gram has taken 30 years to complete, with the combined 
efforts of the military and national bureaus, but that they 
had completed the 1:25,000- to 1:1 00,000-scale coverage 
of China with a good goedetlc and level network. Zhuslai- 
ed that the National Bureau is now working the 1:10.000 
and larger map scales, and the Military Bureau is revising 
and recompiling Ihe 1 :25,000 and smaller-scale maps. 

He also said that the Navy Surveying and Mapping De- 
partment produces ocean charts and that the Air Force 
Surveying and Mapping units make aeronautical charts. 
Their charts, Incidentally, are mostly finished and are now 
In a revision cycle. 

The Military Bureau performs first-, second-, and lhird-w- 
der geodetic triangulation, using traditional procedures and 
theodolites (T-2, T-3, etc.). Their distances were measured 
by using 'Invarmeters' in the 1950's, but in the 1960's they 
mported, and now use, electronic distance measurement 
instruments. They have built their own T-4 theodolite and 
are automating it with an Image tube In its focal plane, 
rnelr first-, second-, and third-order vertical networks are 
f d on mean sea level of the Yellow Sea. They have fin- 
ished the first- and second-order gravity network and are 
presently denslfylng It. Also, the military and national bu- 
reaus are currently testing optical and radio observations in 
satellite geodesy. Presumably, the electronic observations 
are related to their Doppler program. 

The Military Bureau uses photogrammetry extensively In 
ns mapping programs. The films used are high-contrast, 
black-and-white Imagery, with a current Image format of 18 
.2, 19 cm > they are converting lo a 23 x 23-cm formal. 
They use their own computers to perform photogrammetrfc 
triangulalion adjustments. Some of their maps are In one 
but most are five. The Military Department uses 
scribing methods for color separation. They use electrosep- 
aration printers in map reproduction as well as lltho proc- 
esses. 

The Military Bureau also has a research Institute, whfcb 
s located In Shanxi Province. It was established ln 10®. 
nis institute also has departments In geodesy, photograro* 
cartography, and Information sciences. We did nol 
1 re ; but we were told that they currently are testing 
methods for connecting Islands to the mainland through l» 
use of laser and Doppler techniques. Their research also 
nciudes methods for automating mapmaking. • . 

Also a part of the Military Bureau Is a surveying institute, 
located In Ghagaha, Hunan Province. There they train per. 
sonne! in the fields of geodesy, photogrammetry, and car- 
tography In a 4-year undergraduate program and a small 
graduate program. From the description given to us, we flf* 
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sume that this institute Is comparable to Wuhan College. 

Like the NBSM. the Military Bureau also employs over 
20,000 people In MC&G. 

Conclusions 

We cannot draw definitive conclusions on the MC&G 
posture In PRC from just a slngfe visit and the few confer- 
ence discussions we had. However, based on what we ob- 
served and heard, the status of mapping In China Is In bet- 
ter shape than programs In many other countries. The map 
sheets we examined showed a high degree of cartographic 
quality, and presumably, their geodetic integrity Is equally 
good. China's national gravity network is near completion, 
and Its triangulalion schemes were adjusted through an ex- 
tensive network of astrogeodetlc observations. Their pres- 
et programs In mapping and geodesy are mainly mainte- 
nance types, with emphasis on new production in larger- 
scale maps (1:10,000 or larger) In the provinces for better 
land utilization purposes. 

Having accomplished these major programs during the 
last 30 years with conventional techniques and equipments, 
our Chinese colleagues are eager to expand their capabili- 
ties with newer technology In their production plants. Fur- 
ther, they feel strongly that China must join with other 
countries in global geodesy and geophysics. They have 
built their own laser systems and wish to learn more from 
us about this technology along with VLBI and other Instru- 
mentation. Li, accompanied by other scientists and engi- 
neers, recently made a visit to the U.S., arranged through 
ihe University of Maryland, to inspect first-hand some ol 
tills technology. 

Existing Chinese MC&G production technology Is nol the 
most current, but It Is our impression that a modern capa- 
bility could be achieved within a decade through selective 
acquisitions of equipment In parallel with training and edu- 
cational programs. 

As for the social side of the trip, there aren't adequate 
words to express our reaction to the Chinese friendliness 
and graciousness. They extended every possible courtesy 
lo us, and we returned home feeling we had gained many 
new friends. They are SUPER people. 
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Lawrence F. Ayers Is the deputy director for programs, production, 
and operations at the Defense Mapping Agency. He received his 
B^S. Iram Virginia Polytechnic Institute, Blacksburg, Va., and his 
m.A. from the University of Indiana, Bloomington. He has served 
as chairman of the Research Committee of the American Society 
ol Photogrammetry, director of the American Congress on Survey- 
ing and Mapping, and member of the Scholarship Committee ot 
ACSM. 
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Voyager 2: More Puzzles, More Applause 

Kinked rings, a hamburger-shaped satellite, and swirling 
equatorial .storms on Saturn added up to a Voyager 2 en- 
counter dubbed 'a 200% success' by project scientist Ed- 
ward C. Stone. Despite problems with the spacecraft's 
scan platform, the mission sent scientists scurrying back to 
neir laboratories to sort through a plethora ol data, Includ- 
ing more than 17,000 photographs, which streamed back to 
earth from more than a billion miles away. Some early find- 
ings. such as the absence of tiny moonlets embedded in 
the rings, perplexed Voyager scientists; other discoveries, 
such as detailed information provided by the photopolari- 
meter on the ring structure. Incited wild celebration. De- 
tailed analysis will take months and, for some experiments, 
years. Here are some preliminary results train Voyager 2's 
Saturn encounter. 

The most striking of the photographs sent back to earth 
in November by Voyager 1 (Eos, 6f(49). 1201) were those 
of Saturn’s rings. The Voyager team, hoping to learn more 
about how the rings were formed and how they remain dis- 
crete, reprogramed Voyager 2's computer commands to 
hone in on the rings. But the close up views relayed to 
earth did not always answer the questions provoked by the 
earlier mission. 

The closer we took at the rings, the more puzzling things 
are, said Slone. One such puzzle was tho lack ol moonlots 
within the rings. According to the resonance llioory elabo- 
rated upon after the Voyager 1 flyby, hundreds of moons 
should have been embedded In the rings, preventing Ihe 
ring material from merging into one giant ring. Curiously, no 
such moonlets were found in the initial reviev; of Voyagor 2 
photos. 

Another surprise was the kinked ring seen within the 
Encke division. Coined the 'kinky Encke' by Bradford A. 
Smith of the University of Arizona and Voyager Imaging 
team leader, the thin structure may be able to provide clues 
about the F ring, according to Jeif Cuzzi. another member 
of the imaging team. In the Voyager 1 photographs, the F 
ring appeared to have three intertwined strands, draped 
around Saturn like a thin gold necklace. Scientists hoped to 
get more detailed pictures of the ring— including a lalso ste- 
reoscopic view— but mechanical problems with Ihe space- 
craft's scan platform prevented this. From the photographs 
Voyager 2 did relay to earth, though, the F ring appears to 
have five strands; but the 'braided' eflect was not seen 

There were more rings than had been thought previous- 
ly. Instead of hundreds. Voyager scientists now believe 
there are literally thousands of ringlets comprising the 
rings. 

Within the large B ring lightning was detected The light- 
ning. 100,000 limes more potent than that on earth and ca- 
pable of generating between 1 00 and 1 000 MW. occurs in 
the same regions where the 'spokes' have been observed. 
These spokes, or dark radial streaks across the rings, were 
detected last year during the Voyager 1 journey to Saturn. 
One theory to explain the spokes involves the excitation of 
small ring particles by the planet’s magnetic field. Although 
there Is no definite correlation between the lightning and 
the spokes, it Is difficult lo believe that the lightning dis- 
charge is not involved with the formation of the spokes, ac- 
cording to a spokesman at the Jet Propulsion Laboratory. 

The successful occullallon, or eclipse, of the star Delta 
Scorpll by Saturn's rings was cause for jubilation for Arthur 
L. Lane and his pholopolarimetry team. The photopolari- 
meter was able to count the ringlets and determine the gap 
between them. The Instrument, measuring the star's light 
as It winked through the ring material, mapped the rings 
with an accuracy of a city block. The photopolarimeter had 
failed to operate on Voyager 1. 

Satellites In Focus 

Voyager 2 got closer to the moons Hyperion, lapelus, 
Enceladus, and Tethys than did Voyager 1. High-resolutlon 
photographs of these satellites enabled scientists to focus 
on deep craters, rift valleys, tectonic traces, and oddly 
shaped satellites. 

'Before the mission we would have said Hypenon was a 
relatively uninteresting object. It has now become an ex- 
traordinarily interesting object,' said Brad Smith. The satel- 
lite third outermost of Saturn's known moons, appeared lo 
be shaped differently in different photographs. Hal Ma- 
sursky, of the U.S. Geological Survey and a member of the 
Vovaoer Imaging team, compared Hyperion’s shape lo that 
of a hamburger patty. Other scientists likened Hyperion to a 
beer can a candy bar, and a banana. The oblong satellite's 
Iona axis' does not point toward Saturn, as would be ex- 
pected for a stable rotation. teBtead, Hyperions axis points 
about 45° higher. One explanation is that something may 
have crashed Into the satellite millions ol years ago, caus- 
ing Itto wobble in its orbit. ...... 

laDfltus Is the Janus-faced satellite whpse loading hemi- 
sDhere appears about 15 times darker than the trailing 
hemisphere. The darker side may be dusted with material 
that was chipped, through the ages, from Phoebe, accord- 
no to one theoiy, while the trailing, Ice-covered, lighter side 
2L simply be reflecting sunlight off the surface. Another 
Khesls is that lapelus is partially compossd ol frozen 
Sane The moon’s leading side may be dark because 
sunlight has triggered photochemical reactions on that 
side's surface. Perhaps not enough sunlight reaches the 

1 tf fnSdu^ Salurn ' s heavl L y Cra ‘ 

, tei^ other nwong. showed much 
'• Sri deformation. Scientists were able lo discern a grand 
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fault. In addition, according to Masursky, If appeared that 
winds hod cut a small group of craters in hall. The driving 
mechanism lor Ihe tectonics on iho icy satellite may bo tho 
gravitational pull between Enceladus and neighboring 
moons. 

Photographs of Tethys turned up the largest crater seen 
In the Saturnian system and a canyon that cuts through 
270' of the satellite's surface. The crater, 400 km In diame- 
ter (about one-third the size of Tethys), resembles Ihe one 
photographed on Mimas by Voyager 1 . However, the entire 
satellite Mimas could fit inside Tethys' crater. The canyon 
was formed when frozen water melted and froze again, hy- 
pothesized Laurence Soderblum of the USGS. and when 
the ice expanded, the satellite’s surface split apart to lorni 
(ho canyon. 

Stormy Saturn 

With tho aid of Voyager 2, scientists saw for the first time 
well-defined storm systems on Saturn, and, near the equa- 
tor. one storm measured more than 1000 km In length. As 
the 815-kg Voyager spacecraft sped toward Saturn, it re- 
corded the waxing and waning of a storm system. Like on 
earth, at least some Saturnian weather lasts only a few 
weeks, noted Garry Hunt of Univorsily College in London. 
He nlso reported that equatorial jots nppoar more sluggish 
than tlioso al 5 N latitude. At 5 N. scientists saw slightly In- 
clined wispy convective structures. It is unclonr, though, 
whother these represent a (raveling wave. Tho strong jets 
near the equator are a puzzle; how the great amount of on- 
ergy required lo fuel tho turbulcnco is fed into the region is 
unknown. 

Platform Problems 

Just alter crossing tho ring plane, Voyager 2's scan plat- 
form. bearing the instrumentation lor die imaging, ultravio- 
let. infrared spectrometer, and pho top ola rim eler 'experi- 
ments. lost its freedom to move In tho azimuth, or horizon- 
tal. direction and scorned lo threaten ihe remainder of the 
mission. Scientists wore able lo regain some movement of 
the platform, although tho movements wore sluggish, and 
at this writing, the Voyager team had plans to program plat- 
form movements lor Voyagor 2's closest approach on Sep- 
tember 4 to Phoebe. Saturn s outermost moon. 

Although dust particles were thought In be the root oi the 
balking platform, the latest word from the Jet Propulsion 
Laboratory, which manages Ihe Voyager program, is that a 
mechanical problem developed in (he gearbox and caused 
the scan platform to slick 

Lost because of the platform problems were some photo- 
graphs of Salurn's rings, temperature measurements of the 
planet's southern hemisphere, some ultraviolet experi- 
ments. the occultanon by the photopolarimeter of the star 
Bela Taurii. and pictures of the moons Rhea and Titan.— 
BTR $ 


Wanted: Aid to OES 

The National Research Council's Office of Earth Sci- 
ences (OES) and the office's advisory board are anxious to 
have the assistance of earth scientists in advancing the of- 
fice's work, according to a recent statement by John C. 
Crowell, OES chairman. He identified the responsibilities of 
OES as continued awareness and active concern for Ihe 
health of the earth sciences; Identification of opportunities 
for the earth sciences in meeting national needs; and fos- 
tering awareness of scientific advances that may help to re- 
solve national problems. Crowell invited atmospheric, 
oceanographic, and solld-earlh scientists lo suggest activi- 
ties at the national level to the office and its advisory board. 

The OES uses the solicited suggestions to complement 
its perception of important national topics that need atten- 
tion. Research is not supported, but the suggestions re- 
ceive attention in several ways. Crowelf explained. They 
are sent to appropriate units of the National Research 
Council when related activity is underway. In some cases, 
a suggestion may result in the establishment of an Inde- 


Advertlslng space reservations for ihe AGU 
Fait Meeting issue of EOS are now being ac- 
cepted. ■ 

Reach the decision makers in the geophysical 
sciences. 

This special Issue, in journal format, features 
the 19B1 Fail Meeting complete with abstracts 
of all the sessionst 
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pendent com mi I too to study and report on the topic. For ex - 
ample, a roporl Is being prepared on Ihe geological aspects 
ol Industrial waste disposal. Such reports are usually read 
by government officials, scientists in the field, and Ihe pub- 
lic. 

Crowell said that effective reports can Increase support 
of the scientific and technological community, expand pub- 
lic awareness of particular topics, and initiate or change the 
emphasis of federally supported programs. 

Suggestions should bo sent to Crowoli. Chairman of the 
Office of Earth Sciences. National Research Council Na- 
I!P.« 1 * adamy oi Sciencas ' 2101 Constitution Avenue, 

N.W Washington. D.C. 20418. Statements should include 
sufficient information for the advisory board to evaluate the 
topic s national significance. $ 

Geophysical Events 

This 19 a summary o! SEAN Bulletin, 6(7), July 31, 1981. a publi- 
cation ol (he Smithsonian Inslilulion. The complete bulletin Is avail- 
able In the microfiche edition of Eoa, as a microfiche supplement 

F ™ 0 micrQ,iche - order document number 
E01 -005 at St.OO from AQU, 2000 Florida Avenue. N.W . Wash- 
ington D C. 20009. For reprints, order SEAN Bulletin (give dates 
and volume number) through AGU Separates. S3.50 tor the first 
copy for those who do not have a deposit account; S2 for those 
who do. additional copies are SI. 00. Orders must be prepaid. 

Volcanic Events 

i ^ ens (Washington): Occasional ash plumes to 3 

km altitude. 

„™T konora ( [ndon0 sia): Tephra ejection; more than 
3500 flee briefly. 

Kilauea (Hawaii): Intrusion under S summit area and SW 
nit zone. 

Etna (Sicily): Ash ejection, probably caused by central 
crater collapse. 

Tiatia (Kurile Is.): Vapor emission and glow. 

Langila (New Britain): Vu Iranian explosions and qlow 
continue; seismicity intensifies. 

Manam (Bismarck Sea): Ash emission continues. 

Karkar (Bismarck Sea): New fumarales and hot springs. 
Sakurazima (Japan): Explosions decline; seismic and 
eruptive activity since 1978 summarized. 

While Island (New Zealand): Vorcanic seismicity de- 
clines; no sign of tephra ejection since May. 

Bulusan (Philippines): No eruption follows earthquake 
swarm. 

Mayon (Philippines): Mudflow casualties updated 
Central America. Gas analyses at three volcanoes. 
Atmospheric effects: Volcanic material below the tropo- 
pause over NW North America in mfd-July; source un- 
known 

Ml. St. Helens Volcano. Cascade Range. Southern 

(46.WN. 122. 18 W) All limes ere local 
(GMT-7 h). The mid-June extrusive episode added a new 
obe roughly comparable In volume to lobes emplaced dur- 
kig previous episodes last October, December-January 
February, and April thal buili the preexisting composite 
dome A continuously recording tiiimeler located about 30 
m from ihe NE margin of the dome provided data on preex- 
iiuston uplift and probably recorded the beginning of extru- 
sion at about 1700 on June 18. This liltmeter was de- 
stroyed early June 23, but three now tiltmelers were In- 
stalled in early July, within 100 m of Ihe NE. E, and SE 
sides of Ihe dome. None showed any significant changes 
through July. Olher July deformalton measurements did not 
show the accelerating outward movement that has typically 
preceded extrusion episodes. The volume oFSQ 2 emis- 
sions. measured by COSPEC from fixed-wing aircraft flying 
under the plume, usually ranged from 100 to 300 tons per 
day during July, averaging about 1 50 tons per day. 

Through the end of July (here was no suggestion of the in- 
crease In SOe emissions that preceded both ihe December - 
1080 to January 1981 and Ihe June 1981 lava extrusion 


episodes by several weeks. Poor weather prevented suffi- 
cient S0 2 measurements to determine trends before other 
extrusion episodes. 

Occasional steam and ash emissions were observed dur- 
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July 28 shock occurred In Kerman Province about om 
ESE of the provincial capital of Kerman and wlXT m 
the 8.9 M s earthquake of June 1 1 In which about 01 
sons died. 0UI 3000 
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seismicity. A small ash plume Just cleared the rim of the 
crater at 1 1 38 on July 1 4, and other plumes, accompanied 
by seismicity, were seen by U.S. Geological Survey field 
crews at about 0845, 0948, 1442, and 1B05 on July 15, the 
largest of which reached about 3 km altitude. A plume 
emerging from the February lobe of the composite dome 
reached 3 km altitude at 1257 on July 16.' Light ashfall was 
reported at Cougar, about 15 km SW of the summit, be- 
tween 0800 and 0900 on July 27; this ash may have been 
ejected during a period of seismicity recorded at 0750. Five 
minutes of low-level tremor accompanied weak gas emls- 
sfon at 1605 on July 28. An ash-laden plume rose to more 
lhan 3 km altitude at about 1605 on July 30, accompanied 
by a seismic event and followed by about 5 min of low-level 
tremor. Several episodes of very low-level tremor were re- 
corded August 1-2. A characteristic burst of seismicity ac- 
companied a plume, recorded on U.S. Forest Service video 
equipment at 0735 on August 2, that appeared to be ash- 
iaden and rose to about 3.5 km altitude. Several moderate 
seismic bursts at about 1905 on August 3 accompanied a 
small ash plume that reached 3.5 km altitude according to 
Portland Airport radar; 7 min of moderate tremor followed 
I his ash emission. A small ash-laden gas emission oc- 
curred at 1133 August 4. 

Information contacts: Dan Dzudsln, Chris Newhall, and 
Don Swanson, USGS Field Office, 301 E McLaughlin, Van- 
couver, Washington 98663; William I. Rose, Jr., Depart- 
ment of Geology and Geological Engineering, Michigan 
Technological University, Houghton, Michigan 49931 ; 
Christina Boyko, Steven Malone, Elliot Endo, and Craig 
Weaver, Graduate Program In Geophysics, University of 
Washington, Seattle, Washington, 98195; Robert Tilling, 
USGS, Stop 906, National Center, Reston, Virginia 22092 
Gamkonora Volcano, Halmahera Island. Indonesia 
{1.38°N, 1 27.52° E). All times are local (= QMT + 9 h). Ex- 
ptoslve acllvity from Gamkonora's summit crater began 
about 0900 on July 19. The eruption apparently began with 
the ejection of incandescent tephra, followed by about Vh 
hours ol ash emission. An eruption cloud rose about 700 
m and ash fell as far as 5 km S of the summit, where 1- 
1.5 mm accumulated. Occasional felt earthquakes contin- 
ued after the July 19 ash ejection ended. More than 3500 
people fled the area. 

Smaller explosions occurred on July 22 at about 0400 
and 1800, accompanied by booming noises heard in a vll- 
ffige at the NNW foot of the volcano, 5 km from the summit 
Glow was visible over Ihe crater at night. A Volcanologlcal 
Survey of Indonesia team arrived on the island Immediately 
a er the second explosion. After the team issued an evalu- 
ation, the evacuees returned to their homes. 

JfSP. offl ^ al ® ^Ported that the summit crater had occa- 

thick , ®T° k0, alnce March. Gamkonora’s 
Iasi eruption, from mid-July through early October 1952 

a '™' sted ° f ? XploslV0 actlv,ty ,rom ths summit crater, 
o h n C °o taC,S: Ad|at Sudrad lat- Director, and Dr. 

^ r ' ® uraEman - Senior Volcanologists Volcano- 
S a V ? V of . l . ndoneaia ' Diponegoro 57, Bandung, ln- 

Si» A I a / ra Ne u S A9ency: A00nce France-Presse. 
Kilauea Volcano, Hawaii, USA (19.37°N, 15522°W) All 
times are local (= GMT - 10 h). The following Is a reoort 
Irom the Hawaiian Volcano Observatory (HVQ) 

Hvn^«3tH 10 ~ 1 ^ Se,smo9raphs and Mtmeters at the 
set of the sharp deflation of the summi? Bv 0500 th^nfi 1 ’ 

3*3a.-saiSEri t 

r6C ° rd 8 di ™*KE ol'sSsmlc- 

USSR a (4^N‘ mS5°&ThT' Soulhem KurM Islands, 

'ng boa. cruising nea^KunasWr °L a Japane8e 
rising Iran TlallaS in D u ' 'S? < S 0lved smoka ' 
orange glare was observed in thn hi 8 n 9ht °* June 24 > an 

from the Nemuro Observaolv IM km ° n ° S e vo,C0no 
acllvity has been reported **' 20 ^ awa y- No additional 

IromZ m 

obscured by foggy wsalherl In in^i he Vo,oano was 

Bulletins. So ?aa l 978 < SBa SEAN 

a flank eruption In July 1 873 P ° rt9d atrons ac,I vlty was 

information contact: Kyodo Radio, Tokyo, Japan. 

Earthquakes ' 

P occurred In the SW 

first, which occurred In bpen oeean^iKrf^S? f* 1 for the 
Loyalty Islands. The second 22S1SS2 of the . • 

of. Vita, The Vanuatu l° Q ka l WNW; 

some damage in the feheoard’ kil?! he ? M caused . : . 

Vila. ;ln Iran, ; the ohgiha^wemmem 3 »^ N : of > 
01 , 80.00 .waarevlaad (o : . ! 


uemer, u.o. ueoiugicar survey, atop 987, Denver , 
Center, Box 25046, Denver, Colorado 80225 
Department of State. AID/OFDA, Washington DC 
The New York Times; Reuters News; United Press 
tional. Im8m8 - 

Meteorilic Events 

Meteorite: Oregon, May 1 1 or 12; a brecclated chon**. 
Fireballs; SE Virginia, SW Pennsylvania, N It3y ^ 

Time, Depth ot 

Date GMT Magnitude Latitude Longitude Focus Regfr, 

Jul0 ~0308 7.0 Mg 22.26°S 171.73‘E shallow Lova^T 

Jul 1 5 0759 7.1 U 17.30°S 167.59‘E 30 km 

JUI28 1722 7.3 M„ 30.09“N 57.84 d E shallow S 


Geophysicists 

Gordon D. Bennett, a hydrologist with the USGS In Res- 
ton, Va., Is this year’s recipient of.the O. E. Meinzer Award 
of the Geological Society of America. Bennett Is the acting 
chief of the USGS ground water branch. 

Harold D. Craft, Jr., a senior research associate and di- 
rector of operations for the Arecibo Observatory In Puerto 
Rico, has been appointed acting director of the National 
Astronomy and Ionosphere Center at Cornell University. 

Thomas Gold finished his term on June 30 as director ol 
Cornell University's Center for Radlophyslcs and Space 
Research. Edwin E. Salpeter is the new director. Gold will 
continue as the John L. Wetherill Professor of Astronomy ai 
Cornel! and will concentrate his research efforts on the deri 
vatlon of hydrocarbons In the earth. 

Willard A. Murray has joined the Dames & Moore San 
Francisco office as a senior hydrologist. 

Vujlca Yevjevlch, director and professor of the Interna- 
tional Water Resources Institute at George Washington 
University, was awarded an honorary membership In ths 
International Association for Hydraulic Research. 








■ .^ r -.sea kynow 

Ven Te Chow, 61 , former president of AGU's Hydro 
Section, died on July 30. In Urbana, III. He was profesi 
civil and hydrosystems engineering at the University o! 
nois at Urbana-Champaign. Chow, an AGU Fellow, w£ 
founder and the first president of the International Wat 
Resources Association; later he became honorary pro 
dent. Chow was known for his many activities in hydra 
and water resources. He was Ihe founder of and deles 
to the Universities Council on Water Resources, lectur 
adviser to the Central Water and Power Commission c 
Government of India and to the Power Resources Adn 
tratlon of the Government of Turkey, a member of fha 
NASA study group on Space Application of Earth Re- 
sources, and an International consultant. 


RESEARCH 

ASSOCIATE 

A Theoretical Geophysicist Is currently 
needed by MIT’s Department of Earth and ■ 
Planetary Sciences, for work with Profess 0 ' 
M. Nafl Toksoz. 

This scientist will be Involved In 
theoretical modelling of wave propagatioji 
analysis of full waveform acoustic l°0 da , 
to determine In situ properties, theoretlca' 
modelling of laboratory observed physic® 1 
properties of ocean sediments and , 
sedimentary rocks, and Interpretation ana 
correlation between laboratory and In situ, 
data. 


Candidates should have a PhDIn . . 
Geophysics, as well as two years 
toral experience In the techniques deson 
ed - . f . " 
To apply please submit 2 copls® 01 ■ : 
resume, referring to Job NO.R588, to:. 


ed. 

To 

resume 


MIT Personnel Office-: . 

-• El 9-239 

77. Massachusetts Avenue 
... : Cambridge, MA 02139 ; . ^ 

MIT ia an'aqual gpportunlty/alfimiatlM acllon •mpW <r ' 
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New Publications 


An Introduction to Mineralogy for 


w.j. Phillips and N. Phillips, John Wiley, New York, xlv + 
352 pp.. 1980, $49.50 

Reviewed by Richard A. Yund 

The study of mineralogy has embraced many new topics 
in the last 20 years and often Includes a materials science 
approach to old and new problems. Some of the major ad- 
vances In recent years Include (1) techniques for rapid 
structure refinement and their use to explore fundamental 
mlneraloglcal and petrological problems, (2) a wealth of 
new Information from transmission electron microscopy 
about mfcrostructural relations such as exsolution, anti- 
phase domains, and dislocations, (3) determination of 
structure controlled properties and behavior such as vol- 
ume diffusion and deformation mechanisms In minerals, (4) 
determination of detailed phase relations Including the 
mechanisms and kinetics of these changes, and (5) new 
approaches to atomic bonding In minerals. These and other 
recent advances In mineralogy are largely Ignored in exist- 
ing mineralogy textbooks, and the book by Phillips and 
Phillips continues this tradition. 

Crystallography will continue to occupy a central role In 
mineralogy, but the emphasis in this book Is largely on ex- 
ternal symmetry and crystal morphology. Although this may 
be useful for someone wanting to orient a crystal to mea- 
sure one of its physical properties. It is not essential to the 
general reader who wants to know how crystallography and 
crystal structure relate to mlneraloglcal properties and rela- 
tions. 

Given the topics the authors have chosen to Include, 
their presentation Is clear, although uneven In the level of 
treatment. The first three chapters deal largely with the ex- 
ternal features or properties of minerals including crystal 
morphology. Chapter 4 Is an unusual mixture of an intro- 
duction to lattices and atomic close packing. Chapter 5 is 
emitted 'Crystal Chemistry,’ but It Is mostly concerned with 
an elementary discussion of the atom and types of bond- 
ing. The next chapter treats the nature of X rays, but in- 
cludes only a very brief discussion of X ray diffraction. 

The next two chapters consider the structures of halite, 
fluorite, diamond, sphalerite, and pyrite and contain materi- 
al not found in most elementary texts. The general Idea of 
these chapters is good, and the chapters include a discus- 
sion of how simple mineral structures are determined. How- 
ever, this Is done without the aid of space groups and equl- 
i»ints {chapter 9, four pages long) and only qualitative use 
o[X ray Intensity data. The next five chapters deal primarily 
wilh stereographic projections of crystals with applications 
to zircon, cassiterite, barite, olivine, orthoclase, hornblende, 
euglle, and albite In order to have a representative example 
Aom each crystal system. The reader who is learning about 


Coastal 

Upwelling 


F. A. Richards 

editor 


f fVt ’’■.'•T I ' ' • '■ 
«;«v 

V-, ' I;-; • . 


• 544 pages • Illustrated • $23.00 

Orders under $50 must be prepaid. 

20% member discount 


Coastal and Estuarine Sciences 

Coastal Upwelling, thu first volume in AGU's 
newest book scries, explores, studies, and re- 
ports on <i vital pari of our ecosystem through n 
multidisciplinary perspective. 

Substantial progress has been made in iden- 
tifying causal relations between physical and 
biological fields and processes. This progress 
iiids in setting up consistent physical and biolog- 
ical data sets and models of’ the coastal upwelling 
system. 

Topics include the environmental forcing 
functions and the physical, chemical, and biolog- 
ical aspects of Ihe upwelling ecosystem. 

Papers are, in part, derived from the I DOE 
International Symposium on Coastal Upwelling, 
Articles are also based on the expedition results 
of the Coastal Upwelling Ecosystems Analysis 
Program and similar research groups. 

Coastal and Estuarine Sciences . . . 

• Provides a summary of the present state of 
knowledge of physical processes in estuarine 
and coastal regimes and their relevance to 
societal concerns. 

• Written for a wide scientific audience includ- 
ing physical oceanographers, sedi me otologists, 
coastal engineers, marine biologists, and geo- 
chemists. 

• Priced within the reach of all interested indi- 
viduals. Standing orders are welcome. 




American Geophysical Union 
2000 Florida Avenue, N.W., Washington, D.C. 2U009 
Call toll free 800-424-2488 (outside the Washington, D.C. area) 


mineralogy for the first lime Is not likely to find the material 
in these five chapters useful or Interesting. Chapter 16 very 
briefly considers crystal growth and twinning, but the level 
of treatment is superficial. The last chapter is concerned 
with the structures of the common silicate minerals and 
probably represents the most useful part oi Ihe book on 
mineralogical relations. Again, however, the treatment is 
too brief fo be very useful. 

There are four appendices thal are devoted to (l > an- 
swers to questions, (2) the construction of crystallographic 
axes, (3) the X ray powder method of mineral identification, 
and (4) mineral identification tables. 

In summary, the title of this book belies its contents. The 


authors have defined mineralogy in a very narrow crystallo- 
graphic sense and have not even emphasized some ot the 
more important aspects of crystallography and crystal 
structure relations. Furthermore, there is no attempt to in- 
clude the important and exciting results from most ol the 
mineralogical research in the last 20 years. As a text, it 
may find limited usefulness in a specialized laboratory 
course, but it will not provide the general reader with mod- 
ern mineralogical concepts, which are necessary for under- 
standing a broad range of geological and geophysical prob- 
lems. 

Richard A. Yund is with the Department of Geological 
Sciences. Brown University, Providence. Rhode island. 


Classified 


pSoifers classified apace for Positions 
Poslllons Wanted, and Services, 
Corses, and Announcements. There 
« no discounts or commissions on classified 
™ Any type that fs not publisher's choice Is 
"Wfled for at display ralea EOS Is published 
Ads must be received In 
h??* 1 week prior to the date of the 

required. 

‘ 0 ad8 with box numbers should be 

Bo* American Geophysical 

OC 20009 F ° ridB Avef1UBl N W - Washington. 

SCIONS WANTED 
Jt’esper line 

Stejme-ll tlmes-SO.76, 
times-$o.55 

& n r uBLE 

SSSsas‘« 

feonomniB 
aooSSlaa 88 ’ query Rob,n u,t,e - 


positions 


AVAILABLE 


Orlaans/aeophysielst. 

^oomnWi . d tor 8 P Brman 0 nt faculty po- 
KwSElSL' ' U flU81 1982 - ln exploration 
■Nuked. ' ne Ph,Dl w equivalent experience Is 


expected to teach graduate 
oour8Ba ln geophysics and Sen- ' 
Pfcvta ftSLfSS 1 ® 1 8 ProQrem of research, bu- • 
** 8 8(1 eversae a program In geophys- 

I# * 81 °* ffiSXS 1,18 assistant professor 
to* are e^" Spflr l d 1 ln 9 on background. Appllca- 
- B *peri a J^T 8 p Bd from Individuate with Industrl- 
, recent redrew. • • 

topoilion 8 ® nd e letter outlining Interest 

and toree- letters of • 

? Earth to. 0 ! 1 - Gordon Frey,. Department 


-«in SelBnftDB I rioy,. uopnJinroiii 

0rtw ' 1 «. Nswnt Lake Fr6nt * University of New 
U to| a r'^ ,w 'LA70122.. 

8 " Vc Wr. ASl.^P^H'^aflirmatlve-acflon ; 
•Mcaijy j s from minority groups are 


Engineering Qaologlat/aaephyslDlet. 

The Department of Geological Sciences, Univer- 
sity of Saskatchewan, has a vacant tenurabla posi- 
tion in engineering geotogy/geophyslcs. Applicants 
should bs qualified to teach undergraduate and 
graduate courses and te conduct research In engi- 
neering geology. A background In structural geolo- 
gy may bB appropriate. Well-equipped faculties are 
available for research in rock mechanics, fluid flow 
through porous madia, acoustic, and electrical 
properties of rocks, end permafrost. Good opportu- 
nities exist for Joint research with qualifications and 
experience. Send applications, detailed personal 
resume Including the names of ai leaBt three refer- 
ees, and other supporting data to Dr. W.G.E. Cald- 
well. Head, Department of Geological Sciences, 
University of Saskatchewan. Saskatoon. Saskatch- 
ewan, S7N 0WD. 

Please note: until November 15, 19BI consider- 
ation wilt be given only to applicants who are Cana- 
dians or landed Immigrants, after that date ell appli- 
cations wil! be considered. 

Faculty Positlonei The University of 
Iowa. The Department ot Physios and Astronomy 
anticipates one or two openings tor towrertrack 
faculty In August 1882. One or more visaing profes- 
sorships, at any rank, are also^xpecled tobe 
available. Preference will be given to eandWates 
with research activity In the following experimental 
and theoretical areas: astronomy, astrophysics, 
atomic physics, condensed matter physics, elemen- 
tary parttcle physics, nuclear physics, plasma phys- 
tesT andS»S physics. Ths positions inyohre un- 
dergraduate and graduate 
search students, and personal reeeffiv M Wted 
persons should send a risurrtf, a ste^enlol re 
anarch Interests, and ths names ol fhree prows 
atonal references to Search Cotmlto 
ment ol Physics and Astronomy. The University of 

^e'uISraSyof Iowa Is an equal opportunliy/af- 
flrmatlve action employer. 

Resaemh Foeltlon^ 8 el«mology. ApjMtn" 

are Invited for two powlble 

ths institute for *£££ * \ 

■^!* S ®SSSS 

ssst^sggga. 

and related sslsmoloflical etudlBS In the Caribbean 

■s&ssa- 

L\LnnoH 'ftenancftio on experience.' 


University of Celllornie, Santa Barbara.'As* 
slilant Profeasor of Geography. Tenure 
track position available July 1. 1982 Ph.D. required 
prior to appointment. Strong commitment to re- 
search and teaching and good background in com- 
puter and mathematical quantitative skills required. 
Major area of specialization should be cartography 
with olher research and teaching interests in hu- 
man geography. Submit resume, bibliography, and 
names of three referees te: Dr. Reginald G. Gol- 
ladge. Chairman, Department of Geography, Uni- 
versity of California, Santa Barbara. CA 93106. 
Closing date: December 31, 1981. 

Equal opportunlty/affirmative action employer. 

Space Physics Research Position. Appli- 
cants with background In kitarptenetary space, au- 
roral and magnetosphere research, and. or space 
Instrumentation are sought. Successful candidates 
wifi work with ISEE particle data and'or with auroral 
X-ray Imaging research that uses the newly devel- 
oped X-ray cameras. These positions have not 
been fifed and are available now. Send your resu- 
me to Professor Georgs K. Parks, Space Sciences. 
Geophysics Program, University of Washington. 
Seattle. WA 981 95. 

The University Is an equal opportunity employer 

.— EARTH SCIENCES — , 

The Lamont-Doherty Geological Ob- 
servatory of Columbia University in- 
vites scientists Interested in any field 
of the earth, sciences to apply for Ihe 
. following fellowships: two postdoctor- 
al fellowships, each awarded for a 
period of one year (extendable lo 
two years In special instances) be- 
ginning in September 1982 With a sti- 
pend of $22,500 per fannum. Com- 
pleted applications are to be re- 
turned by January 15, 1982, 

: Application forms may be obtained 
by writing lo the Director, Lamont- 
; Doherty Geological Observatory. Pal- 
isades, New York 10964. Award an- 
nouncements will be made February 
28, 1982 or shortly thereafter. 

Tlie Observatory also welcomes ap- 
plications from candidates for post- 
doctoral research associate positions 
: in this discipline. I 


Computer Programmers. Looking for com- 
puter programming talent, all experience levels, for 
selected locations around the country. Cell Or. 

Way ne Mount at (EI7) 259-9685 lo obtain details, 
andor send resume to: GAC. Box 177, Lincoln. MA 
01773 

Oeaphyaloal Fluid Dynamlclat/Phyaleal 

Oceanographer. Applications ara solicited for a 
junior faculty position in ocean physics or dynamics 
to begin in the academic year 1982-83. Areas of 
Interest to the Department Include analytical, nu- 
merical and laboratory modeling ol physical proc- 
esses and phenomena In the sea. 

Yala University is an equal opportunity/affirmatlve 
action employer and encourages woman and mem- 
bers ot minority groups ro compete for this position 

Curriculum vitae, pubheabons, and the names of 
three or mors referees should be sent by 31 Da- 
camber 1981 to: Robert B. Gordon, Chairman. De- 
partment of Gaotogy and Geophysics, P O. Box 
6660. New Haven. CT 06511 

Virginia Polytechnic Institute and State 
University! Senior Research Aeaoola te. In- 
teresting and abundant research and publishing op- 
portunities. including new University -owned MDS- 
10 VlRROSEtS system. VAX 11^780 computer 
Must have experience in theory and application ol 
reltect (on seismology, and be interested m the ap- 
plication ol refladton seismology to the solution ol 
geologic problems. 

Send resumes to: Or. D. R Womb. Department 
or Oootoglcal Sciences. Virginia Polytechnic insti- 
tute and Butte University, Blacksburg. VA 24061- 
0796 

The University fit art equal opportunity 'afllmnaiivo 
action employer. 

Pet r ologlstj Northern Illinois Unfvers I (y. Ap- 
pHcationa are Umtad tor a tenure track position in 
igneous or matamorptec petrology at lire assistant 
or associate prolessor level beginning either Uanu- . 
ary, 1962 or August. 1902. A Ph D. degree Is re- 
quired and poet -doctoral research experience is . 
preferred. The successful candidate will be. expect- 
ed to pursue an active research program, leach at ' 
ths undergraduate end graduate level, and efeset 
Masters and PhD. graduate research work. Fad#- 
U« housed wiihin the Department o! Geology in- 
clude a fu*y automated electron mfproprobe, 8 EM, 
solid-source and gas -source mass spectrometers, . 

, AA. XRD, and XRF. To receive .lutt consideration, - 
ptease send resume, statement ol research inter- 
ests, and Ihe names of three references, by No- 
vember 1, 1961. to Jonathan H. Berg, Search Com- ■ 
mutes Chairman. Department ot Geology. Northern • 
IIUnolB University. OeKsB). minds. 60116 

An equal opporuinity/afftrma|lve action employer. 
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Petroleum QoophyalolebNew Zealand 
Geological Survey. Now Zealand is undergo 
mg major expansion ol its energy resnurco mvosii- 
gallons including prospocling tor hydrocarbons The 
Department ol S&oniific and Industrial Research, 
iho principle Government R & D Arjoncy. and advi- 
sor to oovommonl and industry in science and 
technology, has n vacancy in as Geological Survey 
for n seismic (nteiprator The |JoDilion, in the Poiro- 
Iquitt nnd Unsin Studios Suction requires n person 
with a oourwl gaologicni backgrouml primarily lor 
rogfannl analysis lor mo Qnnui Siurtlea Prograinnir>. 

Qua iilic a lions: A good 4 yunr bachelor o degree 
or higher, and nl least 3 yearn poiroroum oxpla/a- 
iion oxporionce. are preferred 

Saliuy A BOPary of up to NZ523.52Q per annum 
is offered tor Hus position, depending an qimMica- 
l'On» and experience. 

Further Information, application forms ole . mny 
bo obtained from iho Ambassador Extraordinary 
and Plenipotentiary. No/r Zealand Embassy, wash- 
ington DC. Applicants should quote Vacancy No 
255? nrnj tor.vanj applications, accompanloj qy a 
resume, to. 

The AmluTisnrlor Extraordinary and Plonipo- 
leniiaty 

New Zealand Embassy 
Observatory Circle. NW 
Washington DC 20000 
United States ol Amoncn 

Closing date tor applications November 3. tgni. 

GeophyilclBt’Qaeloglati The University af 
Taaaa at Austin, ImUluta lor Geophysics. 

Four ro search scientist poslttons are now available 
at the University ol Terns Institute tor Geophysics 
In the tioirls ol marine geophysics, toctonics, seis- 
mic stratigraphy, seismic reflection techniques mwj 
data processing, ocean boitum seismometer (OUR) 
and othor BOismagrnphic Inatrumanl design and de- 
velopment, earthquake seismology, nmjiunnr and 
planetary Bei r ,mnlngy 

Tho Institute maintains n inodnrn dochoido locriity 
nt Gaivoston. Texas fOarvoslan Marine Geophysics 
laboratory). where a new marina building wilt ho 
built next year. There Is also a component ol the 
Institute biscd in Austin The Institute has n mod- 
ern computer facility tor processing and analysing 
geophysical data and will bo obtaining a now VAX 
interactive computer system early next year. Tho 
Institute maintains two research vessels, the R;v 
IDA GREEN and the H-V FRED H MOORE, which 
havo capabilities tor conducting mnrino geophysical 
surveys including the collection of magnetics, multi- 
fold seism :c reflection date (■18-chnnnol). sonobuoy 
data, and OBS rofraclon and oariliqunvo data 
This two-ship capability offers tho exciting opportu- 
nity to conduct two-ship seismic oxporiments. In 
aifditrun, iho Institute operates extensive soisnrg- 
Bteph'c networks in several Central American and 
Caribbean cou nines The Institute maintains close 
be s with tho staff and Facilities of thu Department ot 
Gw!og.'cai Sciences, wn-ch include modern radia- 
rnolnc, isotope, and paloomagnutic taboratones 
A Ph D degree is required, preferable m Geolo- 
gy or Goophys cs -Silar.es are negonabio depend- 
ing upon o*perjonce and quaiif.cat.ons The person 
must havo the ability and desire to wort, on group 
projects, concede and morale new projects, collect 
and reduce data, and publish the results. If you are 
interested in th-s excellent opportunity to pursue a 
chadeng ng career in mo forefront of geophysical 
research m an academic setting, pic ass send your 
qualif. canons and references to: 

Director 

The University of Texas 
InaUfuto for Geophysics 
Galveston Marine aeophyalas 
Laboratory 
TOO Tho Strand 
Galveston, Texas 77SBO. 

The University of Texas a an equal opportunity' 
affirmative acton employer 

Qeophyslalsfi North Carolina State Unf- 
verslty— Raleigh. The Department or Marine. 

Earth and Atmospheric Sciences is reopmrg the 
search toWI a presently available tenure track post- 
ton in geophysics. Rank is at the Assistant or As- 
sociate professor level A PhD is required. 

Pnmary responsibilities wilt include generating 
and conducing research programs as wall as 
teaching graduate courses in geophysics The de- 
partment currently consists ol 31 reguter faculty 
members including 16 in the areas of geotogy end 
geophys,c9 Please send resume and names of 
tnree references to J L. Langfeider. Head. Depart- 
ment ol Marine. Earth and Atmospheric Sciences. 
North Carolina Slate University. Ra’a'gb. NC 
2?650 Dead-mo lor receipt o» appi-cartcna is De- 
cember t. tgei. 

North Caro’ na State University is an equal op- 
portunity affirmative acton employer 

Un Iverslfy af Ha walLFaoulty Positions. The 

Department ol Geo'ogy nnd Geophysics and the 
Hawaii fnsiitute of Geophy&cs have opervngs for 
the 1381-1082 academic y oar. Rank is open do- 
pendant on qual-ltcauons. We ore seeing persons 
who w.i» participate in wir teaching and research 
program many ol the following areas: (1) structural 
geotogy and marine tectonics. <2> hydrotogv ami 
eng neerlng geology. Of nurme seismology, mag- 
netos. and grnvily To apply send a letter of inter- 
Pst. a current vita and 3 laile/s ol roltisnco to Dr 
3- O Schiangor. Chairman. Department ol Gootogy 
and GtMphys.es. Univers ry ol Hawaii. 2525 Correa 
Road. HotioVu, Hawaii 06822 (868 9-1 8- 7826). or 
Dr C. E Matstey. Director, Hawaii Institute ot Geo- 
physics. same address (BOB 948-8780) Open until 
liltod 

Tho University ol Hawaii is nn nff.rmatwo oefon 
and equal opportunity ampioyor 


California Space Institute, University of 
California, Santa Barbaroi Research posi- 
tion In Romoto 8anslng. Basic and applied 
research m some combination ot remote sensing of 
coastal r or m3, land use land covar. natural end ag- 
ricultural vegetation, and soil moisture with skills m 
information systems, automatod image analysis, 
and qunntitiiliva modelling. We seek on indepen- 
dent worker wilh the goal ol deepening and widen- 
ing existing work In tlieso areas on this campus 
Ph D DFOferred Flank and salary commensurate 
with oxporionce. Closing dale: November 30. 1981. 
Submil. resume; a brief account of rosoa/ch Inter- 
oils; and names ol three professional referees to 
Dr. David S Slmonetl. Department ol Geography, 
Unlvaraity ol Calitornln. Santa Barbara. California. 
93108. 

The University of California, Santa Barbara, Is an 
equal opportunllyiAHirmaiiva Action employer. 

Senior Faculty Poaftloni Meteorology. 

Applications and nominations are invited for a sen- 
ior (acuity position in meteorology, at the University 
ol Utah. Eligible applicant will also bo considered 
tor chairperson of the department. Candidates must 
possess a Ph D in metaoroloqy or a related disci- 
pline Applicants shoufd have teaching and re- 
search <m pa nonce and be Interested In participating 
In both the graduate and undergraduate programs. 
Applicants should submit curriculum vitae end 
names of three professional references to; 

Dr. Jan Pjegle 
Search Committee 
Department of Meteorology 
University of Utah 
Salt Lake City. Utoh84lt2 
Deadline for applications November 30. 1081. 

The Unitrornily of Utah is an affirmative action.' 
equal opportunity employer. 

Faculty Poolllonr Environmental Engineer- 
fng. Beginning January or September 1982. The 
pOsilHJn requires undergraduate and graduate 
teaching nnd sponsored research activities In the 
areas cl water quality control and water resources. 
An earned doctorate fs required and at least one 
degree in civil ongtnoorlng fa preferred. Rank will 
bo el the assistant professor level and salary will 
depend upon qualifications. Apply to: Dr. Lester A. 
HoaF, Chairman, Department of Civil Engineering. 
University of Virginia. Charlottesville. Virginia 
22901. 

An affirmative action/equal opportunity employer. 

Research Asaoaiate Eleetron Micro- 
probe. Tho Electron Microscopy Center at Tores 
ASM Uni varsity invites application tar tho posilion 
of election mlcroprabo specialist Applicants should 
possess a working knowledge ol WDS and EDS 
spectrometers and accompanying computer and 
software programs and preferably have had experi- 
ence in iho geological sciences. 

The primary duties ot the position are to oversee 
and marnlam (with the aid of service contracts) the 
otectron micro probe and ancillary equipment and to 
assist in teaching graduate course laboratories 
dealing specifically with electron microprobe analysis 
Salary will bo a maximum ol 520.000- 12 months 
Applicant should send supporting data and letter 
ol recommendation to: 

Dr. E. L. Thuraton 
Texas A&M University 
Biological Sciences Building 
College Station. Texas 77843 
Texas A&M is an equal opportunityreffirmative 
acton employer. 

Geophyofolot. Faculty position lor 12-month 
tenure track appointment. A sea-going marine seis- 
mologist with interests In seismic reflection, retrac- 
tion or mlcresBlsmicily is sought Candidates with 
strong backgrounds in non-marine seismology or 
other branches ol marine geophysics will also be 
considered. 

Duties Include maintaining active research pro- 
grams and obtaining outside funding, teaching 
graduate courses and supervising graduate stu- 
dents. Rank is Associate Professor. 

Applicants who meet alt requirements, but have 
rese experience than is normally required tor Asso- 
ciate Professor rank, will be considered for appotnt- 

rT-SrliSiT 0 rank of A * sl3lanl Professor. Salary— 
524,000 to 537,000. commensurate wilh experi- 
ence. 

t ol ,hreo r «feran«s by 

fOctober 1981 to G. Ross Heath, Dean, School ol 

o^Tbtmi' Ore90n SmB Ufllversity ' Co ' val «*. 

employer alTrrnial * V0 actloiVequal opportunity 

City University of Naw Yoik, (Brooklyn 
F 1 f° Ul,y Poi| H°n.. The Depart- 
ment of Geology anticipates tilting several tenure 
track positions at Ful Professor level. (Salary r«noa 
«P to 543.400) Hghly quallbed IntfrvWuS ^ 

are partfcuiarly interested in openings in; onarav re- 
sources tcoai petroleum), exploration geophysics 
environmental geology or hydrogook^TSw ' 
sedunonto'ogy. economic geology. 

-^ CWS,Ml "W-canis win be required to institute 
n a,Ch P r0 9 rnm - supervise Masters 
and Ph D ihosos Nominations and applications 
w ' ,h v,lno ffbeuW be sent to. Dr. S Bhatta- 
£S |, ;. < ?Sn ,l - n - D0pl 01 Gbq, 0 97' Brooklyn Co! 

tenaS'sEK 01 York - New 

York 1 1210 Positions open untH tilted. 

Brookfyn college. CUNY, la an affirmaUve kIImi' 
«qual opportunity employer, 


Assistant/Associate Professor 

Mackay School of Mines 
University of Nevada-Reno 

The Department of Geological Sciences Invites 
applications for the tenure track academic year 
position of assistant or associate professor of Ge- 
ology to (each undergraduate and graduate 
courses (M.S and Ph.D.J. We are seeking an out- 
standing person with potential for teaching, estab- 
lishing new laboratories and conducting and su- ! 
pervfslng research In the Basin and Range and 
adjoining Provinces Publishable research wilt be 
expected Areas of expertise within geology which 
will receive favorable consideration are structural 
geology, sedimentology, stratigraphy and carbon- 
ate petrology. 

The position will be filled (n either January Cf Au- 
gust 1982. depending on the availability ol candi- 
dates. The Ph.D. or equivalent degree Is required. 
Salary and rank will depend on education and 
experience. Candidates should send a letter ol 
application, list of publications, statement of 
teaching and research Interests and transcripts 
and should arrange for at least three letters of ref- 
erence to be sent (a the Department Closing 
date for applicallon is November 15, 1981. Appli- 
cations are to be sent to: Dr. L C. Hsu, Chair- 
man. Faculty Search Committee. Department of 
Geological Sciences, Mackay School of Mines. 
University ol Nevada, Reno. NV 89557. 

(Mrerafly o/ Nevada Is EOE/AAE. 


Postdoctoral Position! Hydrologlst/Soll 
Phyalolat. Research related to subsurface ra- 
dioactive wastes storage In unsalurated fractured 
rack; assessment and prediction of wafer and sol- 
ute transport. Salary $20,000 to $24,000 depending 
on qualifications. Position available October 1, 

1981. Send resume, transcript, and reprints of ma- 
jor publications to Or. Daniel D. Evans, Department 
of Hydrology and Water Resources, University or 
Arizona, Tucson. AZ 85721. 

Equal opportunlly/affinnaliva action, litle IX sec- 
tion 504 employer. 

Yale University/Department off Geology 
and Geophysics, Applications are solicited for 
a (acuity position in solid earth geophysics to begin 
In toe academic year 1982-83. Areas of internal to 
toe Department Include seismology, exploration 
geophysics, mechanical and physical properties of 
rocks and minerals, geomagnetism, and tectono- 
physics. 

Yala University is an equal opportunlty/afflrmalive 
action employer and encourages women and mem- 
bere of minority groups to compete for this position. 

Curriculum vitae, publications and the names of 
torse or more referees should be sent by 31 De- 
cember 1981 to Robert B. Gordon, Chairman, De- 
partment of Geology and Geophysics. P.O. Box 
0686. New Haven, CT 08511. 


Research Associate In Qeoohemlslry/Unl- 
vorslly ol Chicago. Post-doctoral position In- 
volving extraction ol micro-samples from meteorites 
under clean condillons and analysis for major and 
trace elements by Instrumental and radiochemical 
neutron activation. Goal fs to investigate behavior 
ot the elements during condensation ol the solar 
system. 

Experience fn geological samples an asset, In 
meteorites a definite plus and In radiochemialry a 
necessity. Send vita and names ol two referees to 
Professor Lawrence Grossman. Department of 
Geophysical Sciences and Enrico Fermi Instliule, 
university o! Chicago. Chicago. Illinois 60837. 

Tha University of Chicago Is an affirmative ac- 
bon/equal opportunity employer. 

!h! -a A-w P ° 1 * , | ,0n ,n Ch,m,CBl Ocoanogra- 
pny. California Institute ol Technology, Division of 

^ Sc,enws - position of 
rasean* fallow Is being offered at Calteohfor re- 
search In oceanography. Investigation of the Isoton- 

daS7 8,ll ° n r eodymIum and rara °arth abun- 
J,.™, ^„ 8e ® w ®*? r and sediments Is now being 
carried forward. The mechanism ol Injection of REE 

wSKjffZ w "' be B,udl «J- Tbe differences fn^ 
' n J' artoua water masses [Plepgras ef 
af. Earth and Planet Scl. Lelt. 45. 223-238 and 
Plepgras and Waaserbura. Earth and Planet qn 

a* isa sat 

ward as an exploratory venture In order to dater- 
mtoe the origin and chsmioal behavior of REE In 
toe ocean and toe potential use of ,43 Nd/ ,44 Nd aa 
SEStJi*, '^ ratQ, V tedlltles Tor sample prepa- 

asaaaRar* on 555 w 

Send resume and references to Professor n i 

5is::r;r ,ins,tet ' 
■srasr ° pp ° ,, " , " ,y ' a "™ 11 ™ 


quired. Experience with radar studies ol the rrt™, 
sphere, mesosphere, and Ionosphere or wiw 
modiiicatlons of the ionosphere is dealrehh « , 
open. Please send resume and names^ai SS’ 
three references to Dr. Harold D. Craft i, 
Director, NAIC Observatory. Space Sciences Buim. 
tog, Cornell University. Ithaca, New Stem 
NAIC/Cornell University are EOE/AAE. ” 3 ‘ 

SERVICES 

URANIUM DEPOSITS. II you are financing 

planning, designing, exploring, drilling, 0r di M ^ 
connection with any term of energy, you need Z 
complete, up-to-date book about the world's urenj 
urn deposits. Includes production and reserves 
mines. Hardcover 6 ■ 9 Inches. 303 pages Tahle 
of contents, drawings, index, references 1B7R 
$96. Tatach Associates, 120 Thunder Ftoad Sun 
bury. Mass. 01770. 


NRC RESEARCH 
ASSOCIATESHIP 

ftMARDf 


r Competitive award! to recant doctoral grad- 
vales and experienced senior Invwtlgatore- 
free ol Interruptions Hnd dlalrectlons ol olher 
duties— oa visiting &c [enlists in salecled tedaral 
laboratories througrioul trie United States. 
Over 200 new awards ottered by the National 
Research Council. Opportunity lor specialized 
experience In experimental or theoretical re- 
search In fields ol 

ATMOSPHERIC & EARTH SCIENCE8 
ENGINEERING • LIFE SCIENCE8 
PHYSICS* CHEMISTRY 
ENVIRONMENTAL SCIENCES 
MATHEMATICS • SPACE SCIENCES 

Mat ol the 18 programs are open to non-U.S. 
nationals, and moat are open to senior investi- 
gators as well os recent PhDs. 

Applicallon materials with details on re- 
search opportunilies and laboratory locations 
are aval labia tram. 

Associate ship Office (JH 010-ui) 
NATIONAL RESEARCH COUNCIL 
2101 Constitution Avenue. N.W. 
Washington, D.C. 2041B 
Postmark deadline for applications: 
January 15. 


Natlonal'Academy of Sciences 
National Academy ol Enqinccring Inslllutc of Medicine 


COURSES 

MSA Amphlbolea Short Course. The Miner- 
aloglcal Society of America will sponsor a Short 
Courae on Amphlbolas and Olher Hydrous Pyri- 
boles at the Marydale Retrpat Center In Eriangar. 
Kentucky, October 29 to November 1, 1981. before 
toe MSA/GSA Annual Meeting In Cincinnati. Ohio. 

Instructional Staff will be: 

J- B. Thompson, Jr. (Harvard)— Potysomaltem 
and polytyplsm In pyrlbolas 
F. C. Hawthorne (Manitoba)— Crystal chemis- 
try ol amphlbolea 

S. Ghose (Unlv. Washington) — Subsol kfus re- 
actions of amphlbolea 

P. Robinson (Unlv. Massachusetts)— Amphl- 
boles ol metamorphfc rocks 
M. C. Gilbert (VPI) — Phase equilibria and am- 
p Wholes of lgnaou8 rocks 
D. R. Veblen (Johns Hopklna) (Convenor and 
Editor) — ' Wlde-chaln prylboles 

T. Zoltal (Unlv. Minnesota)— Mineralogy ol am- 
phibote asbestos 

M. Ross (U8GS)— Geological occurrence of 
amphlbole asbestos 

Coniacl: MSA, 2000 Rorlda Avenue, N.W., Wash- 
ington, D.C. 20009. Telephone; 202/462-6913. 
Registration Deadline: October 1, 1981. 

STUDENT OPPORTUNITIES 

Graduate Study In Spaoe Physios snd As- 
tronomy. Rice University Is pleased to offer Fel- 
lowships for entering graduate students In ihe De- 
partment of Space Physics and Astronomy. Exdf- 
Ing research Is underway In Ihe fields of theoreBai 
and experimental space plasma physics, magneto- 
spheres of toe earth end planets, atmospheric ana 
lonospherio physics, laboratory studies of Rydberg 
atoms, laser research, space solar power studies, 
and astronomy and astrophysics. 

The fellowships for first year students pwsw'V 
are $4546 taxlree for 9 months, plus luflfori, andirv 
valve only 4-5 hours tutoring, grading, or Instruct- 
ing per week for four semesters. Research aeas- 
tanceBhlpa for summers and subsequent years are 
generally available el $550 per month. Stodwjte 
with exceptional undergraduate records pndGRc 
scores are eligible for an additional $1000 Prwjv 
dentlal Recognllkm Award. Raises are expect* 5 
next year. ■ 

Address Inquiries to: Dr. Patricia Reft Asasiam 
Chairman, Department of Space Physics Bnd As- 
tronomy, Rice University, 77001 . 


Now address 


OVln 9 ' t™'* f °W to send AOUyour new address! 


OnVonTZTpe r™ ,or 0,lan 9 e to be ejected. 
aJaKte 9 AQU /nemberahip 


New phone numbers (will be published In Direclory) 


Home. 


*11 mailing label herG | 


; / % Qj’ 


Return to: 

. . American Geophysical Udlon 
• •••! ?QO0 Florida Ave., N.W. ■ • 
~ T ~r - ! . . 1 Washington, D,C. 20009 ■ 



EOS. vol. 62, no. 36, September 8, 1981 663 



First Announcement for AGU Chapman 
Conference on Discontinuities in Rock 

An AGU Chapman Conference, ’Discontinuities in Rock, 
Thflir Role and Significance in Geologic Processes,’ will be 
convened by Lawrence Teufel and Robert Rlecker at Bish- 
ops Lodge near Santa Fe. N. M„ May 3-6, 19B2. 

Technical Description 

Tectonic deformation of rock In a supracrustal environ- 
ment (low pressure and temperature) characteristically pro- 
duces visible discontinuities. Discontinuities strongly affect 
the elastic properties, mechanical strength, and hydraulic 
properties of the rock mass. Mechanical and hydraulic 
properties of discontinuous rock have become subject to 
detailed research only recently. Accumulating data indicate 
tnat discontinuities are both the dominant flow paths as well 
as Ihe weakest links in rock mass stability. Moreover, labo- 
ratory and field data now demonstrate clearly interaction 
between mechanical and hydraulic behavior. These studies 
prove that stress-flow behavior of a single discontinuity is 
nonlinear. In addition, recent laboratory research on jointed 
rocks indicates specimen size scale effects. 

The mechanisms of formation, and the mechanical and 
hydraulic behavior of individual geologic discontinuities, 
have been addressed both empirically and theoretically. 
However, constitutive representation for rock that contains 
numerous discontinuities, and incorporates the interaction 
and the Interdependence of discontinuities, has not been 
neii established. How can we formulate and predict the in- 
fill bulk deformatlonal response and the coupled hydraulic 
properties of rock containing discontinuities? We need bet- 
!ar understanding of the factors that Influence the in-situ 
tehavior of discontinuous rock: it is of fundamental Impor- 
lifice to the earth sciences. Improved understanding will 
hm significant impact on exploitation of hydrocarbon and 
mneral resources, the construction of engineering works, 
development of geothermal energy, and isolation of radio- 
active waste. 

This conference will consider geologic discontinuities as 
a multidisciplinary problem involving geologists, geophysi- 
cists, engineers, hydrologists, experimentalists, and theore- 
tfans. The conference will bring together individuals of di- 
verse research expertise, but with a common Interest in the 
mechanical and hydraulic response of discontinuous rock, 

>n order to integrate current knowledge and to initiate new 
'fsearch ideas and collaborations. Proposed topics of the 
conference Include (1 ) mechanics of formation, and charac- 
’^slics of geologic discontinuities; (2) mechanics and con- 
fulive laws of a single discontinuity and a discontinuous 
ftfkmass; (3) deformatlonal processes and geophysical 
phenomena of discontinuous rock; (4) fluid flow through a 
5 ngle discontinuity and hydraulic properties of a discontinu- 
es rock mass. 


Conference Committee 

Lawrence Teufel, Sandia National Laboratories, Albu- 
querque, N.M.; Robert Rlecker. Los Alamos National Labo- 
ratory, Los Alamos, N.M.; James Dieterich, National Center 
for Earthquake Research. U.S. Geological Survey, Menlo 
Park, Calif.; Paul Gnirk, RE/SPEC. Inc., Rapid City, S.D.; 
John Logan, Center lor Teclonophyslcs, Texas A&M Uni- 
versity, College Station, Texas: David Pollard, National 
Center for Earthquake Research, U.S. Geological Survey, 
Menlo Park, Calif.; Carl Sondergeld, Amoco Production Re- 
search Center, Tulsa, Okla.; Paul Witherspoon, Lawrence 
Berkeley Laboratory, University of California. Berkeley, 
Calif. 

Student Travel 

Limited funding, upon application, is available to support 
student travel expenses to the conference. Deadline for ap- 
plication is December 15, 1981, 

Participation 

Those Interested In attending should write to Lawrence 
Teufel, Geomechanics Division 5532, Sandia National Lab- 
oratories, Albuquerque, NM 87185. or Robert Riacker, Los 
Alamos National Laboratory, Geosciences Division Office 
MS 570, Box 1663, Los Alamos, NM 87545, and should 
state their interest in the meeting. To ensuro the maximum 
interchange of Ideas on this subject, attendance will bo lim- 
ited. Participants will be selected from those applying. 

Deadline for application is December 15, 1 98 1 . 'Oi 


Energy in the Mountain States: 
Resources and Problems 

A Symposium on Energy In the Mountain Slalos. 
sponsored by the Front Range Branch of AGU nnd 
the Geology Department of the University of Colora- 
do, will be held on Tuesday afternoon, September 
22, 1981, at the University of Colorado (Boulder cam- 
pus) in the Forum Room of the University Memorial 
Center. Starting at 1:00 P.M., brief presentations will 
be given on the following topics: 

Petroleum and Gas: Philip H. Stark. Petroleum In- 
formation, Inc. Coal: Keith Murray. Energetics. Inc. 

Oil Shale: Willard Chapell, University of Colorado. 
Denver. Solar Keith Haggard. Solar Energy Re- 
search Institute. Geothermal: L Trowbridge Grose. 
Colorado School of Mines. Summary: John Rold. 
Chief Geologist, Colorado State Geological Survey 
A panel discussion on ’Science, Technology, and 
Energy Public Planning’ follows al 3:30 P M The 
panel will consist of the above speakers as well as 
Jane Gulnby, Grand Junction City Planning Commis- 
sion, and Steve Schmitz. Colorado State Department 
of Local Affairs. 


Conference on Scientific Ocean Dtillin-t 
(COSOD) 

Sponsored by JOIDF.S 

ORGANIZATION 
AND COORDINATION 
OF PLANS FOR FUTURE 
SCIENTIFIC OCEAN DRILLING 
PROGRAMS 

November 16 -IS. 1981. Austin, Texas 
Convened by. COSOD Sleetiivj Committee. 

R L. Larson. Chairman 

Sessions Planned: 

November 16. 17 

Reports and workshop discussluns on the relation of 
ihe following topics to ocean drilling: 

1. Origin nnd Evolution of Oceanic Crust 

2. Origin nnd Evolutiun of Murine Sedi- 

mentary Sequences 

3. Tectonic Evolution of Continental Mar- 

gins and Oceanic Crust 

4. Causes of Long-Term Changes In the 

Atmosphere. Oceans, Crynsphere, Bio- 
sphere, and Magnetic Field 

5. Tools. Techniques, nnd Associated 

Studies 

Nmiember IS 

General Discussion on Coordination of 
Existing and IN mined Scientific Ocean 
Drilling Programs 

The meeting will be open to the general scientific com- 
munity. and there is no icgistriilkm fee Tin - conference 
will begin at l >:CMl AM on November It* at the Joe C 
T liQiiipsi ill Conference Center, Room ;Mt)J|. on the 
University of Texas campus. For hotel reservations and 
other ti.nvl arrangements, please contact Meieutv Trav- 
el. KW3 New Hampshire Ave . N.W., Washington [>.C 
2003t». phone (ZOLM 2‘H. 7St>2 
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Separates 

fa Order; The order number can be 
jjnd al the end of each abstract; use all 
Nfljtewhen ordering. 

$3.50 for the first article and 
♦iw for each additional article In the 
»vne order. Payment must accompany 

uSS"* Ac °ount: A minimum of 
ijjfx may 1,6 Ptaced on deposit with 
y for the purchase of separates. If 
2* “« on deposit, the cost of the first 
S' 8 only $2.00 and $1.00 for each 
Wonal article in the same order, 
separates will be mailed within 3 
JJJJ 8 .® ioyrnal publication or within 10 
i'L^ered after the Journal has 
“wared. Separates are available for 

P ut *5!Son f0r ^ y ° are fr ° m dat ® ° f 

de*°?^l 0 L En9 ' lah translations of arti- 
J?,? 1 . F uaa,an translation journals 
In unedited form at 
p*S®°f talr Hating In EOS or tn final 
Th s A ’ 0rm *hen a Journal Is published, 
charge is $2.00 per Russian page. 

Send your order to: 

JJJrtcan Geophysical Union 
^00 Florida Avenue, N.W. 
Washington, D.C. 20009 
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batvaeo SO and 10 eV than final Ena boic atfav 
pravloiaily publiabad theoretical calculation*, 
Piuaw r, spaotra obulntd with a never ]ar|ar 
eat o( colli aloe croae aectlani are in a|raeaaat 
with tha other theoretical aodela, tar oor with 
the meaiUTad apeccra. Thla nnaata fchet tha 
dtannrr-n— batuean ionoejharle photo elec Iron 
thaorr and exparlaeoe alpht ba resolved bp a 
r tvi*v of tho alacenn colllaloo eroio etctlona 
uifcj la tho cbeeretlcel medals. Cphoeorteetwea, 
ciobb aaccJeoB) 
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Particles and Fields-* 
Magnetosphere 

S790 iDBlnoantl and tachalquaa 
A C0X7UI103 Of BJUAI0P1AL ELKTfBN I -1S1T1L5 
XEASUBED BT UHISTLEAS AND BY A “AT ELL LIE BADTO 

IICNIlqUl 

D. L. CnF«ur (Didlmclnui LihuUMry, Slin- 
ford L'nLierally, Scan ford, Cjlll.), R. S- AnJar- 
aoo (Unlvaraliy of loua, [apailecol of ThvalCa 
and Aatcoway, leva City, leva), T. F. Sail end 
T. 4. Killer (Bad loie lance Uboutory, Stsalord 
Unlvaraity, Stanford, Calif.) 

For [ha flrat elms, data on rugnnusybarlt 
equatoilal electron denalty £rcm oulclplo uhla- 
tlet path! have been coapared with I3 III* aa- 
ealllte ■aaBureaante of elaccnn denalty along 
near-equatorial orbita. Tha whistler data wet* 
recorded at Slpla, Antarctic* (L-fc.ll 00 June 


■’d erl July 10, l?'a, *rj et Pelrer, Antarctic* 
IL - 1, ly on Anil liv, ]u;a, (he loielllie data 
war* obtained ly tn* IblwnLif af I; we Places 
War* Ej;*rieoai *v«*p frrqier.sy receiver (SF7l 
ca 1SE1-1 Jurlr.g fin** tr.tt rcilr.i 1 vlthlR 
m :Li’ o{ the ebconli .4 vhleiler (cation's lon- 
gitude. I hi- c L-3F.il id Jeta era moatly In tha 
lull 1*-L> 1.1 erj leprcae-it the nlgmatde e*g- 
n* tel, I cl* ur.l«r c j In to tuieraiely dlacurbed 
eifiittc wor.dltli.ae. ih* reaulta *e(p»rt tha 
eta-fyllwh ilui Uir eLcccrcrt daoeltv- dlacrltui- 
iln alcr.g thu high altitude pert cl field line 
In tha outer pliisiijltiie cea La fiicribid by a 
■11 riualv*-cqul Librium sidel. The data further 
i'ii£.*at mar rn» danwltlva within iba oblervcd 
whi alter decca wele vltltln. late ihu of rho 
seen or tniatdust lwri, at! that over the L 
reiies of tha c.-nper icon*, tiiera were nj signi- 
ficant eait-vcu <f«r,>lry gradient a within About 
'!>' of tha vhlatler autdwn'a lonalluda. 
■tevphra. Rea. Lalt., Popar ILtllff 
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